The aim of this study was to determine a cost-effective diagnostic method for lumbar herniated disc with knee osteoarthritis (LHD-KOA) based on aberrant outcome measures, levels of biomarkers, and examination of the lower-extremity. Data were separately analyzed for each cohort suffering with LHD-KOA (n = 108; 59.82 ± 7.15 years) and without LHD-KOA (n = 108; 58.81 ± 7.61 years), and findings were confirmed with radiological images. The aberrant-leg-features (bilateral: knee gaps between the short head of biceps femoris and the surface of the bed, diameters of calves and thighs, angles of straight leg raising, knee-flexion and -extension in a supine position) and biochemical parameters (Interleukin-10, Tumor necrosis factor-alpha, C-reactive protein, creatine kinase-muscle, and Aldolase-A), and outcome measures, Western Ontario and McMaster Universities osteoarthritis index (WOMAC), knee-injury osteoarthritis outcomes scale (KOOS), Oswestry disability index (ODI), and body mass index (BMI)for participants with and without LHD-KOA were evaluated with appropriate techniques. All the subjects underwent standardized physical examination and completed a questionnaire. The risk ratios and mean ± standard deviations of biomarkers, anatomical features, and outcome measures of the experimental subjects were highly significant compared to controls (p < 0.0001). Results suggest that monitoring the studied aberrant outcome measures, biomarkers, and lower-anatomical features may be a cost-effective diagnostic tool for LHD-KOA. Further research is recommended for an alternative treatment protocol for LHD-KOA.
Introduction
In a previous study, the author established that there is a close relationship between degenerative changes in the lumbar region and bilateral knee osteoarthritis (KOA) [1] . The lumbar herniated disc (LHD) is the most common among different types of low back pain [2] . The slipped disc or lumbar herniated disc (LHD) usually occurs due to the compression of an existing nerve root, L 4 or L 5 at the L 4 -L 5 or L 5 -S 1 level of the spine [3] [4] [5] [6] . According to Lorato et al., extracellular matrix remodeling, particularly of the elastic fiber system, vimentin immunopositive cells, oxytalan fibers, and apoplosis, are collaborated with herniated disc degenerative disease [7] . ALHD is characterized by a problem with lumbar intervertebral disc degeneration whereby the nucleus pulposus, a gel-like substance, protrudes through a crack of the outer-wall of the round spongy cartilage called the intervertebral disc, resulting in the compression of a nearby nerve root and/or cauda equina causing inflammation, pain, numbness, or weakness in the leg leading to abnormal quality of life [8] . Knee osteoarthritis is a painful knee joint degenerative disease characterized by muscle wasting, weakness, pain symptoms, inflammation, connective tissue damage, joint effusion, restricted movement of joints, and crepitus in the joints rehabilitation, treatment, and prevention in KOA, such as exercise and acupuncture, have many risk factors including obesity, muscles soreness, and joint tissue inflammation [32] , and these benefits depend upon patient phenotypes [33] .
The main common phenomena in LHD-KOA are pain and deteriorating psychometric quality of life which indicates the disease progression [29] . Suri et al. [26] examined the association between concurrent LHD and other musculoskeletal pain comorbidity with knee pain severity in symptomatic KOA. According to Wolfe [34] , WOMAC function, pain, and stiffness score analyses can be suitable for low back pain, symptom counts, fatigue, and depression in osteoarthritis, rheumatoid arthritis, and fibromyalgia. Therefore, the appropriate pain parameters are suggested to be well-thought-out as per internationally approved clinical outcome measures such as WOMAC [35] , knee-injury osteoarthritis outcomes scale (KOOS) [36] , and Oswestry disability index (ODI) [37] , along with obesity which is another major causing factor of pain and disability as assessed by body mass index (BMI) [38] .
In order to identify the second-most common features in LHD-KOA namely, inflammation, connective tissue damage, skeletal muscle damage, and nerve functions, biochemical parameters such as Interleukin-10 (IL-10) [39] , tumour necrosis factor-alpha (TNF-α) [40] , C-reactive protein (CRP) [41, 42] , creatine kinase-muscle (CK-MM) [41, 43, 44] , and Aldolase-A (AldoA) [41, 45] have been proposed. Finally, the measurements of deranged lower-anatomical parameters have also recommended in connection with muscle stiffness, wasting, and atrophy (bulging) and range of motion of various joints such as the knee gap between the short head of biceps femoris and the surface of the bed in supine (KGB), diameter of calf muscles (DCM), diameter of thigh muscles (DTM), angle of straight-leg raising (SLR), knee flexion in supine (KFS), and knee extension in supine (KES).
The objective of present study was to attempt to diagnose the risk factors of LHD with KOA cost effectively even at early prognostic stage by analyzing the abnormal internationally-acclaimed functional disabilities such as WOMAC, KOOS, ODI, and BMI anomalous serum levels of biochemical parameters such as IL-10,TNF-α, CRP, CK-MM, and AldoA, and deranged lower-anatomical features (KGB, DCM, DTM, SLR, KFS, and KES) in combination with abnormal radiological images as assessed by the Kellgren-Lawrance (KL) grading scale of the experimental cohorts compared with the healthy control subjects.
Therefore, the present study presents novelty concepts for the diagnosis of LHD-KOA, into the categories of relevant internationally approved clinical outcome measures, specific biomarkers, and neuro-muscular lower leg anatomical features.
Materials and Methods

Study Design and Subjects
From eight centers of OPTM Health Care (P) Ltd, India, 315 cohorts, aged 45-79 years old, were recruited in the study between June 2017 to September 2018; based on the sign and symptoms as described in the previous studies [46] .
The study protocol was approved by the OPTM Research Institute Ethics Committee. The institute is registered with the government of India under prescribed jurisdiction. An Institutional Review Board-approved consent form for the physical examinations, blood sample collections, and radiological images required for the study was signed by all participants in the first phase of the screening procedure.
After evaluating the exclusion criteria of 99 cohorts as mentioned in the previous studies [46, 47] , 108 (63 females and 45 males) of the remaining 216 subjects with significant pain syndromes, discomfort, imbalanced quality of life, impaired joint and limb functions due to inflammation, muscle wasting, weakness, and degeneration in multiple regions of the body, as evidenced by elevated levels of biomarkers (IL-10, TNF-α, CRP, CK-MM, and AldoA), and radiological images (CT-scan or X-ray or MRI) were considered as experimental subjects, and termed as subjects with LHD-KOA. The remaining 108 (63 females and 45 males) subjects who had no complain of pain, or no signs of LHD-KOA as evidenced by the analyses of studied biochemical markers and radiological images were considered as healthy control subjects and termed as subjects without LHD-KOA. Each subject completed a questionnaire at the baseline and summarized in Table 1 . 
Evaluation of Internationally-Approved Clinical Outcome Measures Including Body Mass Index
Observation of the patient's perceived symptoms of pain intensity in the last 24 h for pain, stiffness, and functional disability of individual patient under WOMAC [35] , KOOS [36] to assess the patient's opinion about their knee and associated problems including quality of life, and ODI [37] for low back functional outcome to assess a patient's permanent functional disability were evaluated separately for each cohort of experimental and control groups. The assessment of BMI [38] has been calculated individually for both the groups as per previous study [8] .
Evaluation of Specific Biochemical Parameters in Blood
Collected blood samples were centrifuged at 1000× g for 10 min at 4 • C (Cryo Scientific Systems Pvt. Ltd., Chennai, Tamil Nadu, India) to obtain serum for each subject of experimental and control groups. The serums were used to analyze the biomarkers such as IL-10, TNF-α, CRP, CK-MM, and AldoA for each subject of both the groups separately. All the biomarkers were measured according to the methods and protocols elaborated in detail in the previous studies [8, 41] . Each test for each patient has been rechecked by the BS-240 Mindray fully automated biochemistry analyzer before reporting the final test results for both the groups.
Evaluation of Pearson's Correlation Coefficients in Relations to Each Anatomical and Biochemical Parameter
To determine the predictive values of each deranged anatomical feature with each biochemical marker in patients with LHD-KOH, the Pearson's correlation coefficients were evaluated between each anatomical parameter and biochemical marker (IL-10, TNF-α, CRP, CK-MM, and AldoA) along with their respective p-values.
Evaluation of Anatomical Parameters
Physical examinations were evaluated for the measurements of the lower anatomical parameters such as KGB, DTM, DCM, SLR, KFS, and KES for each subject of both the groups. The measurements of the aforesaid anatomical parameters were elaborated in the previous studies [48] .
Evaluation of Lumbar Spine and Knee Joints Radiographic Assessment under Kellgren-Lawrance Grading Scale
Lateral radiographs of the lumbar spine and anterior-posterior (AP) views of both knee-joints were obtained for all the cohorts of both the groups. Radiographs were classified and scored for lumbar degenerative intervertebral levels from L 1 -L 2 to L 5 -S 1 and osteoarthritic changes in knee-joints using Kellgren-Lawrance (KL) grading scale developed by Kellgren and Lawrence [49] 
External Study Reviewers
All results and data of experimental and control groups separately were evaluated by an external reviewing panel, not in contract with the registry patients.
Data Collection and Statistical Analysis
Data were summarized using descriptive statistics for continuous variables (e.g., mean, standard deviation (SD), number of patients), frequency tables, risk ratios for discrete variables, and 95% confidence intervals. The mean, standard deviations, risk ratio, their 95% confidence intervals (CI), and p-values for all the outcome measures, biochemical, and lower-anatomical parameters were evaluated separately by gender for both the groups. Statistical analyses were done by using software (Graph Pad Prism, Version5.0, San Diego, CA, USA) with repeated measures for student-t test to determine significant values at p < 0.05 level along with r (Pearson's correlation coefficient) values to determine strong and weak correlation among two variables for measuring different improvement parameters of combined sex, female, and male patients separately. An alpha level of 5% was established i.e., a p-value less than 0.05 was considered statistically significant.
Results
Enrolment and Baseline Characteristics of Patients
Two-hundred and sixteen subjects were included in the study and divided into equal numbers between the experimental group (with LHD-KOA) and control group (without LHD-KOA), fully described in Table 1 . Table 2 shows the location of pain, sensory loss, and weakness in association with compression of nerve roots during lumbar herniated disc and the radiation of pain in the lower limbs associated with knee pain. The mean ± SD values: pain, stiffness, and physical functions under the WOMAC index; the five separately scored pain parameters under KOOS knee survey; pain-related parameters under ODI; and the percentage of increased obesity confirmed by BMI for combined-sex, female-only, and male-only patients of experimental groups were all highly significant (p < 0.0001), when compared with the subjects of control group (Figures 1-3 ). Table 2 . Location of pain, sensory loss, and weakness in association with compression of nerve roots during lumbar herniated disc.
Internationally-Approved Pain Related Outcome Measurements and Body Mass Index
Nerve
Location of Pain Sensory Loss on Weakness on
L1
Inguinal and medial thigh Inguinal region Flexion weakness is rare
L2, L3-L4
Back pain radiating into the anterior and medial aspect of upper thigh and medial lower leg.
Anterior thigh and sometimes medial lower leg Hip flexion and adduction, knee extension and quadriceps.
Diminished patella reflex.
L5
Back, radiating into buttock, lateral thigh, lateral calf and dorsum foot, great toe
Lateral calf, dorsum of the foot, web space between first and second toe.
Hip adduction, knee flexion and semitendinosus/ semimembranosus reflex.
S1
Back, radiating into buttock, lateral or posterior thigh, posterior calf, lateral plantar foot.
Posterior calf, lateral or planter aspect of foot.
Hip extension, knee flexion, plantar flexion of the foot; Achillestend on; Medial buttock, perineal and perianal region; Occasional urinary, fecal incontinence, and sexual dysfunction
S2-S4
Sacrum or buttock radiating into the posterior aspect of the leg or the perineum.
Medial buttock, perineal and perianal region Absent bulbocavernosus and wink reflex Source: Ganguly A, Ganguly D. Aberrant biomarkers, leg anatomy and pain parameters are the risk factors in lumbar-herniated disc: A novel diagnostic protocol. Journal of Orthopedics and Rheumatology 2018a; 5(2), 11.
Biochemical Parameters
The risk ratios and their 95% CIs of all biochemical parameters such as IL-10, TNF-α, CRP, CK-MM, and AldoA of experimental subjects with their assessed cut off points (Table 3) were increased significantly (p < 0.0001) (Table 4 ) and the mean ± SD values of all biochemical parameters were also significant (p < 0.0001) (Figure 4 ) compared to control subjects (overall and separately by gender). Moreover, the predictive values of correlation coefficients of each lower anatomical feature with each level of biochemical marker in patients with LHD-KOA were highly significant (p < 0.0001) except CK-MM (Table 5) . Table 3 . Analysis of cut off points of anatomical and biochemical parameters for the calculation of relative risk ratio.
Anatomical Parameter
Cut off Point Biochemical Parameter Cut off Point
KGB: knee gap between the short head of biceps femoris and the surface of the bed in supine; DTM: diameter of thigh muscles; DCM: diameter of calf muscles; SLR: angle of straight leg raising; KFS: knee flexion in supine; KES: knee extension in supine; IL-10: Interleukin-10; TNF-α: Tumor necrosis factor-alpha; CRP: C-reactive protein; CK-MM: Creatine kinase-muscle; AldoA: Aldolase-A. 
Lower Anatomical Parameters
The risk ratios and their 95% CIs of all the anatomical features of the lower limbs of experimental cohorts with their assessed cut off points (Table 3) were highly significant (p < 0.0001) when compared to the control cohorts for overall and separately by gender ( Table 6 ). The mean ± SD values of all the anatomical features of the experimental cohorts were also highly significant (p < 0.0001) except the parameters of DTM and DCM and observed to be all asymmetrical for both the legs (Figures 5 and 6 ). The correlation coefficients between the aberrant lower anatomical parameters and all the biochemical parameters were observed to be significant (p < 0.05) except DCM (right and left leg) ( 
The risk ratios and their 95% CIs of all the anatomical features of the lower limbs of experimental cohorts with their assessed cut off points (Table 3) were highly significant (p< 0.0001) when compared to the control cohorts for overall and separately by gender ( Table 6 ).The mean ±SD values of all the anatomical features of the experimental cohorts were also highly significant (p< 0.0001) except the parameters of DTM and DCM and observed to be all asymmetrical for both the legs (Figures 5 and  6 ). The correlation coefficients between the aberrant lower anatomical parameters and all the biochemical parameters were observed to be significant (p< 0.05) except DCM (right and left leg) (Table 5) , when compared to the control cohorts 
Analysis of Radiological Images of Back Region and Knee Joints as Assessed by Kellgren-Lawrance Grading Scale
All the anterior-posterior (AP) views of the knee joints and lateral views of lumbosacral spine X-ray reports of 108 patients with LHD-KOA exhibited degenerative changes, particularly in the medial tibio-femoral compartment, with marked joint space narrowing and bilateral varus/valgus deformities. Some cases exhibited near-complete medial compartment joint space obliteration and degenerative changes with osteophytes in the lumbar vertebrae. Table 7 shows the percentages of deterioration of grades under the KL grading scale for LHD and KOA. X-ray images of one such patient suffering with LHD associated with KOA are depicted in Figure 7 . 
Discussion
The results suggestthat there is a close relationship betweenrisk factors amonginternationallyapproved pain-relatedclinical outcome measures including obesity, abnormal biochemical parameters such as IL-10, TNF-α, CRP, CK-MM, and Aldo A, deranged lower anatomical measurements, and KL grading scales to detectcost-effectivediagnostic protocol for LHD-KOA in comparison with conventionalcostly diagnostic imaging such as X-ray, MRI, CT scan, or EMG.
Magnetic resonance imaging is considered thegold standard for evaluating the relationship of disc material to soft tissue and neural structures during any musculoskeletal diseases. However, none 
The results suggest that there is a close relationship between risk factors among internationallyapproved pain-related clinical outcome measures including obesity, abnormal biochemical parameters such as IL-10, TNF-α, CRP, CK-MM, and Aldo A, deranged lower anatomical measurements, and KL grading scales to detect cost-effective diagnostic protocol for LHD-KOA in comparison with conventional costly diagnostic imaging such as X-ray, MRI, CT scan, or EMG.
Magnetic resonance imaging is considered the gold standard for evaluating the relationship of disc material to soft tissue and neural structures during any musculoskeletal diseases. However, none of the conventional diagnostic tests focus on identifying the severity of pain, numbness, or weakness of the lower limbs, inflammatory status, muscle degeneration, and skeletal muscle damage affecting various joints in the lumbar region and knee. All of these methods are adopted in conventional diagnostic protocol in order to detect the degenerative changes occurring in the bony levels during acute stage of disorders, not in the early stage of disorder(s) or in the detection of damages at the levels of the connective tissues. Therefore, in the analyses of connective tissues, blood factors are the main important parameters for the detection of any diseases or disorders. Therefore, several researchers have suggested that there is need for an economical, accurate, and non-invasive diagnostic protocol for patients with acute musculoskeletal diseases instead of confirmed, expensive, advanced-diagnostic imaging such as MRI, EMG, CT-melograph, or painful nerve conduction tests [8, 14, 15, [24] [25] [26] . Moreover, the author has previously elaborated in detail the persistence, advantages, and limitations of costly diagnostic imaging for the diagnosis of LHD and KOA on various regions of the body [8, 14, 15, 29, 30] .
Pain syndromes, obesity, and impaired quality of life are the major perceptive factors among patients in any musculoskeletal disorders specially LHD-KOA [8, 14, 15, 48] . Wolfe [34] and Suri et al. [26] have suggested that the analyses of pain, stiffness, and physical functions under the WOMAC scale among patients with KOA are influenced by low back pain which is the main factor of LHD. But the author suggests that the analysis of KOOS is more accurate than WOMAC in cases of patients suffering with LHD-KOA. KOOS was developed by Roos et al. [36] from 42 self-administered questionnaires based on the study of 24 self-administered questionnaires from the WOMAC Osteoarthritis Index developed in 1982 at Western Ontario and McMaster Universities [35] and both can be used on patients aged 13-79 years. It is interesting to note that the last two questions of the symptoms-domain referring to joint stiffness, the last five questions of the pain assessment domain referring to pain, and all 17 questions for the analysis of ability to move around or look after oneself under function of daily living in KOOS are exactly similar to WOMAC index. Therefore, the pain, stiffness of muscles, aberrant functional activities of daily living, and quality of life can be analyzed in more detail with the help of KOOS than with WOMAC during LHD-KOA. Table 2 shows the location of pain, sensory loss, and weakness in the lower extremities in association with the compression of nerve roots during LHD. In the present study, it is observed that all the internationally-acclaimed outcome measures such as WOMAC, KOOS, ODI, and BMI(as body weight is the important factor for any musculoskeletal disease) are increasingly significant during LHD-KOA compared to controls (Figures 1-3 ) which supports the previous research [26, [30] [31] [32] [33] [34] [35] [36] [37] [38] .
Again, LHD and KOA are soft-tissue inflammatory diseases [49] . The author has already elaborated the reason for choosing two cytokines (TNF-α, a pro-inflammatory cytokine and IL-10, an anti-inflammatory) for the diagnosis of LHD-KOA in the previous study [8, 14] . The present results indicate the phenomena for the increase ofIL-10serum levels, the decreasing trend for TNF-α, the serum level of CRP found to be elevated during inflammation in tissues from the standard value (<6 mg/L) [46, 47] , the CK-MM level elevated from the standard value (<168 U/L) in response to muscular dystrophy, connective tissue damage, [8, 9, 14, [50] [51] [52] [53] , and AldoA level increases from the standard value of <7.6 U/L due to skeletal muscle damages, polymyositis, dermatomyositis, muscular dystrophy, and inflammatory muscle disease and bone erosion [53] during LHD-KOA. The result is there is restricted movement of the joints with stiffness and decreased range of motion which firmly indicate the research criteria. There are no earlier studies on the relative risk ratio in combined affect with the serum levels of aforesaid biomarkers along with the alteration of anatomical features in LHD-KOA (Table 4 and Figure 4 ).
The present findings indicate predictive risk factors through the analysis of correlation coefficients between the risk factors of biochemical markers of inflammation, connective tissue damage, muscle degeneration, and skeletal muscle damage measured with the help of analyses of serum IL-10, TNF-α, CRP, CK-MM, and AldoA and the aberrant lower extremities such as KGB, DCM, DTM, SLR, KFS, and KES of experimental cohorts. There findings were highly significant except in the case of CK-MM wherein the relation between the status of inflammation and damage of skeletal muscles is firmly established during LHD-KOA.
Although the researchers have analyzed the various movements of the lower limbs, range of motion of knee joints, visual inflammation/swelling, neurological deficits such as muscle strength, tendon reflexes, and sensory impairments during physical examination, the assessment of their diagnostic accuracy for LHD-KOA is ambiguous [54] .
Furthermore, noticeable abnormalities are observed in the muscle strength, movement of joints, and muscle morphology during physical examination for LHD with KOA. The functionality of the lower back and knee joints is based on the complex interplay of different motion segments and muscular activities. The ability of the waist and legs to move in a normal range depends on the health of muscles, ligaments, bones, and individual joints. The results from the deranged lower-anatomical parameters indicate that there are substantial increasing or decreasing phenomena of the group of muscles connected with the spinal vertebrae and the legs, which were asymmetrical in respect to the measurements of KGB, DCM, DTM, SLR, KFS, and KES of the experimental cohorts indicating the muscular wasting, muscle weakness, and degeneration during LHD-KOA (Table 6 and Figures 5 and 6 ). Table 7 shows the high-graded abnormal bony morphology both in the lumbar region (4.63% in grade 3 and 95.37% in grade 4) and knee joints (3.37% and 1.85% in grade 3 and 96.30% and 98.15% in grade 4 for right and left knee joints respectively) as assessed by the KL grading scale during LHD-KOA. This phenomenon also which confirmed with radiological images of one of the patients suffering with LHD-KOA as shown in (Figure 7) .
In the present study, based on the World Health Organization's International Classification of Functioning, Disability of Health [55] , multidimensional approaches such as body function (pain and mobility in the joints), psychological factors (learned helplessness, mood, and pain copying), self-efficacy to modify personal factors, and body structures (cartilage, bone, and soft tissues), along with inflammatory status, muscle degeneration, skeletal muscle damage, and bone erosion as assessed by biochemical parameters, have been taken care of with the help of three parametric concepts of diagnostic protocol. These concepts are: internationally-acclaimed outcome measures (WOMAC, KOOS, ODI, and BMI), abnormal studied biochemical parameters, and deranged anatomical parameters. They may assist in the confirmation of degenerative changes both lumbar region and knee joints at an early stage with minimum cost [56] [57] [58] . It is interesting to note that Ganguly in 2019 has established a novel topical phytotherapy for normalization of aberrant leg-anatomical and -biochemical risks in failed spine surgery for LHD associated with knee-osteoarthritis [59] . The results of this study draw attention that the said trio-parametric conceptual diagnostic protocol as a suitable prognostic tool in its first-time evaluation to identify abnormality in both the lumbar region and knee-joints. Moreover, the present study contradicts the earlier study that women are more likely to have the problem than men, which may be the reason of small sample size of survey [6] .
However, there are some limitations in this study. Firstly, we have a small sample size and have not yet confirmed whether these results are biased. Secondly, this study was restricted to patients who were not suffering with rheumatic diseases; osteochondritis diseases; congenital dysplasia; radicular syndrome; joint symptoms caused by malignant tumors; dermatomyositis and polymyositis diseases; iliopectineal or trochanteric bursitis; ischemic bone necrosis; bone and joint infectious diseases; cuts, wounds or any type of chronic skin and infectious diseases; parallel multiple drug dependence for concomitant diseases or risk conditions requiring drug treatment including psychiatric diseases; a history of cancer, including caranomatosis and granulocytic leukemia; a history of severe neurological diseases; a history of chronic liver, kidney, and heart diseases; and patients who did not agree to give blood sample, which may have been due to drug/alcohol addiction or pregnancy.
Conclusions
It is concluded that monitoring the risk ratio of biomarkers (IL-10, TNF-α, CRP, CK-MM, and AldoA) ( Table 4 and Figure 4 ) and leg anatomical parameter (KGB, DTM, DCM, SLR, KFS, and KES) ( Tables 5 and 6 and Figures 5 and 6 ) along with internationally-acclaimed functional disability outcome parameters (WOMAC Index, KOOS, ODI, and BMI) (Figures 1-3 ), confirming findings with spine and knee joint radiographic images as assessed by the KL grading scales (Table 7 and Figure 7 ), may be a novel diagnostic protocol for detecting LHD-KOA with minimal cost and time. The results of the present work encourage further research on a cost-effective, non-invasive treatment procedure for LHD-KOA.
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